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THERMOPOTENTTAIL MEASUREMENTS OF ALKALT HALIDES®
by Jacob Greenberg

Lewis Research Center

SUMMARY

It has been found that when sodium iodide, potassium iodide, cesium chlor-
ide, sodium chloride, and potassium chloride are subjected to thermal gradients,
Seebeck coefficients are obtained that vary as a function of the salt and the
average temperature. The Seebeck coefficients were found to increase, to reach
a maximum of 2 to 3 millivolts per OC, and then to decrease as the temperature
was increased. This was usually found to occur within 100° C on either side of
the melting point. It was possible to maintain a steady external flow of cur-
rent of several milliamperes from the thermopotential developed in the cesium
chloride cell.

At lower temperatures, it appears that cation migration is primarily re-
sponsible for the thermopotential, while at higher temperatures the thermopo-
tential appears to be due to the anion migration.

INTRODUCTTION

There are many reasons for interest in the electrical potentials developed
when alkali halides are subjected to thermal gradients. First, the heating of
these salts as they are used for metallurgical purposes, fuel-cell electrolytes,
heat-transfer media, and thermal batteries is usually done in the presence of
temperature gradients, and it is therefore important to know the effect of such
temperature differences in establishing thermopotentials. These thermopoten-
tials can influence the corrosion and reaction rate of the systems involved.
Second, in order to evaluate alkali halides as possible thermoelectric mater-
lals, it is necessary to know the Seebeck coefficient 8 = AV/AT, where V is
voltage and T is temperature. Third, a qualitative picture of the ionic pro-
cesses involved in heating can be obtained. Traditionally, a molten salt
thermocell consists of electrode materials which are reversible with respect to
one of the ions of the salt. Such a cell would be silver-silver nitrate
AgIAgNOSIAg or chlorine~sodium chloride Clzll\]'aClICl2 where the two tempera-
tures are different. In these cases the thermopotential becomes a function not
only of the potential developed in the salt as a result of the presence of a
temperature gradient, but also of the potential developed by electron exchange
at the electrodes, as well as the potential developed by the electrode materials
themselves as a result of being at two different temperatures. However, if the

*Presented at Electrochem. Soc. Meeting, San Francisco (Calif.), May 5-9,
1965.
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Figure 1. - Diagram of apparatus used to purify salts and measure thermo- move hydrolysis products. The
potentials. heating of the salts in the

presence of water produces hy-
drolysis products, which are then responsible in part for the corrosive action
of the melts. By treating the solid with liquid ammonia at low temperatures,
the introduction of hydrolysis products is limited. The water present in the
halides becomes associated with the ammonia and is carried out in the diffu-

sion stream (ref. 1).

The salts were purified in 300-milliliter round-bottom flasks. These ha-
lides were then transferred in the flasks to a quartz cell fitted with two
tungsten electrodes. The tungsten electrodes were initially beaded with a
grading glass of slightly lower melting point than quartz. This was done in
such a manner that the tungsten surface in contact with the graded glass was
free of oxides. The seal was formed essentially by the compression of the
metal in the glass. The tungsten electrodes that were beaded in this manner
were then fused into the quartz container. A diagram of the cell used is shown
in figure 1. In the cases of sodium chloride (NaCl) and potassium chloride
(KC1) measurements were also made by filling the quartz cell directly and
attaching the cell to a vacuum line. In such instances slowly raising the
temperature of the solid while maintaining a pressure less than 107" millimeter

of mercury gave satisfactory results.

The gquartz cells were fitted with Chromel-Alumel thermocouples and covered
with asbestos after having been suitably wrapped with high-temperature resis-
tance wire. The heating wire was carefully wrapped to reduce the presence of
temperature gradients. The temperature gradients were induced by using a 10-
ohm coil of resistance wire placed about one electrode. These heating units
were supplied by two variable stepdown transformers. Steady-state temperatures
could be controlled to within 1 percent. Voltage measurements were made by
means of a voltmeter with a high internal impedance. Current-voltage plots
were made with an X-Y recorder.

It was found that, if a salt hydrate was submitted to the ammonia treat-
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Figure 3. - Plot of continuous discharge cur-
rents for cesium chioride. Polarity at hot
junction; temperature range, 720° to 1002° C;
average temperature, 852° C; Seebeck coef-
ficient, 2.39 millivolts per °C.

under their own thermopotential.

Average temperature, T,,, °C

- Seebeck coefficients of Alkali Halides.

ment (e.g., LiIl « 3H50), a solution formed
that persisted at room temperature. This
solution consisted of water, ammonia, and
the salt. Pretreatment of the hydrate,
which involved heating it in vacuum, was
necessary in these cases. A volume expan-
sion of the salt was observed in each sys-
tem as a result of the ammonia treatment.
In order that no residual ammonia would be
present while measurements were being made,
the cell was heated with a yellow flame un-
til no pressure rise above 107~ milliimeter
of mercury was observed. The cell was then
removed from the vacuum line.

RESULTS

The values of the Seebeck coefficients
obgerved are plotted in figure 2, and the
values for the discharge currents in cesium
chloride (CsCl) are shown in figure 3.

In order to obtain a possible indica-
tion of the number of mobile species pre-
sent, the cells were allowed to discharge

The short-circuit currents observed were of

the order of milliamperes; however, because of polarization by decomposition

products, these currents were short-lived.

However, CsCl did maintain steady-

state currents, possibly because of the increased solubility of decomposition

products.

One of the principal sources of error in the measurements was introduced

by too rapid a heating or cooling rate.
melted to ensure thermal equilibrium.

In all cases the salt was initially
To determine thermopotential values be-

3



low the melting point, it was necessary to obtain as nearly a single crystal as
possible. Too rapid a cooling rate would result in a polycrystalline material.
Both of these conditions led to nonreproducible measurements of temperature and
voltage. In addition, too rapid a cooling rate affected the quartz-tungsten
seals. Since these seals are essentially of a compression type, they work well
at high temperatures. When these seals were cooled to lower temperatures
quickly, a crack would sometimes develop.

Although the lithium halide salts were run repeatedly, no reproducible re-
sults were available., This may have been due to the failure to remove all im-
purities (water, ammonia) as well as the accumulation of insoluble decomposi-
tion products at the electrodes.

DISCUSSION

The thermopotential of the cell AP is a function of several terms
(ref. 2):

&P = DPpom + APt * Aq)el

where

APpom  Thermopotential evolved in salt as result of thermal gradient

Mppet  potential due to reaction at electrodes
AQel potential due to having metal electrodes at two different temperatures

Since Ap.y 1s of the same order of magnitude as observed for metallic
thermocouples and is of the order of microvolts, its effect can be considered
as being negligible for these systems. Since there is a negligible current
flowing through the cell and therefore there are no elemental components with
which to constitute a half-cell at the electrodes, A, .. may be considered as
being negligible (ref. 3). The observed thermopotentials are therefore a func-

tion of A@hom:
tp) FF )
R R
Dy = (-—) = (1)
om ZR Tav

R
where
tR transference number of species R
g algebraic valence of species R
QEX reduced heat of transport, T(Sﬁ - SR)
Sﬁ entropy of transport of species R

Sr partial entropy of species R



Tov average temperature

The observed thermopotential, being a function of Awhom’ can be written

tg) B
ACP o - Z— T_ (2)
R av
R
For NaCl this is
s PF1-
Ap « - tNa+ + tag - = (3)
av av

If the effects of temperature on the values of equation (3) are examined,
a qualitative description of the ion processes involved when the NaCl system,
for example, is heated from about 700° to 900° C can be evolved. It is known
that the electrical conduction of solid alkali halides is a function of cation
migration (ref. 4). The lower temperature values of the thermopotential are
therefore due to cation migration from the hot to the cold zone. This results
in a negative polarity at the hot junction. Since the values for the reduced
heats of transport Qﬁx increase with temperature, the value of the thermopo-
tential in the solid, where it is primarily a function of cation movement, can
only go through a maximum if the transport number of the cation decreases.
This would be due to the onset of anion conduction. A decrease in cation
transference number with increasing temperature has also been observed in other
systems (ref. 5). When the anion begins to contribute to the conduction of the
system, it does so not only because of the influence of heat, but also because
of the electrical potential established by the prior migration of cations. The
rate of change of the entropy of transport for the anion as the temperature in-
creases must therefore be large. The result of this is that, although the
transport number of the anion is low, the product of the transport number and
the reduced heat of transport of the anion is large and the value of the See-
beck coefficient goes to zero and then to a
maximum of opposite polarity at the hot

Sor|— Junction to the one initially observed at
AR o« lower temperatures. As the temperature is
oy o bserved raised further, the values of the transport
Ko T thermopotential numbers and associated ion entropies become
values nearly equal and the value of the Seebeck

coefficient becomes minimal. In effect,
therefore, in NaCl the transport number of

¢ 8&: Na* goes from 1.0 to ~0.5 and the transport
22§LFCF T number of Cl~ goes from O to ~0.5.

Thermopotential of species R,

| | | Since the value of the thermopotential

700 750 800 850 900 in equation (3) is the result of the differ-
Tec ence between two terms, it is possible to
Figure 4. - Thermopotentials of potassium chlo- show this by graphically representing the
ride plotted by difference of ion functions. terms themselves. This is shown in figure 4.



From the magnitude of the potentials measured, it can be assumed that only
a fraction of the ions present are actually mobile. An estimate of the number
of mobile species can be made from the short-circuit currents observed when the
cells were allowed to discharge under their own thermopotential. For a dis-
charge time of 1 second, the number of equivalents of salt which are dissociated
to form mobile species are

lO"3 A X 1 sec

~ 1078 equivalents
96 500 C

The discussion of transport phenomena concerns a relatively small fraction
of dissociated species moving with respect to a much larger mass of undissoci-
ated species. The observed discharge currents were much higher (mA) than those
observed for zinc chloride and lead chloride (uA) (ref. 6). This would indicate
a larger degree of dissoclation and consequently higher electrical conductivi-
ties observed in alkali halide melts.

It is interesting to note that the inflection points for the plot of See-
beck coefficients of NaCl and KC1 as a function of temperature occur rela-
tively close to the melting point. This 1s not the case for sodium iodide
(NaI). In the latter case it appears that the anion contribution to the thermo-
potential does not appear until about 50° C above the melting point. Thermo-
potential measurements of this kind can be used to make some inferences concern-
ing the migration of the ion species as a function of temperature.

CONCLUDING REMARKS

It has been shown that large thermopotentials are developed in alkali ha-
lide systems within a few hundred degrees on either side of the melting point.
The fact that steady-state currents can be drawn from CsCl suggests that these
gsystems continue to be evaluated as possible thermoelectric materials.

Since the values of the Seebeck coefficient at certain temperatures are
large, it would be of interest to increase the current carrying ability of the
system. In future work alkali halide melts should be doped with alkali metals
in an attempt to impart some electronic conduction to the system.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, October 4, 1965.
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